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Translation of Japanese Reference 

Japanese Patent Application Kohyo Publication No. H04-74125 (unexamined Japanese national 
phase publication conesponding to a non- Japanese international publication) 

DESCRIPTION 

1. Title of the Invention 

Heat-assisting materials for hyperthermia 

2. Claims 

(1) A heat-assisting material for hyperthermia characterized in that at least one ceramic 
selected from titanium oxide, alumina, zirconia, and calcium phosphate is used. 

(2) The heat-assisting material of claim (1), wherein the heat-assisting material supports 
at least one chemotherapeutic agent selected from cisplatin, doxorubicin hydrochloride, 
mitomycin C, and bleomycin. 

(3) The heat-assisting material of claim (1) or (2), wherein the ceramic is 
hydroxyapatite. 

3. Detailed Description of the Invention 
(Field of Industrial Application) 

The present invention relates to ceramics used as heat-assisting materials or ceramics 
combined with anticancer agents for hyperthermia. 

(Prior Art) 

It is a well-known fact that surgical therapy, radiation therapy, chemotherapy, 
unmxmotherapy, and multimodality therapy that combines these therapies have been applied to 
treat cancer, resulting in the improved rate of cancer treatment. Recently, in addition to these 
therapies, hyperthermia has been developed and is of increasing interest and expectation. This 
is because many basic researches have revealed that when cancer cells are treated vwth the 
combination of radiation or an anticancer agent and heat of 42°C or more, individual anticancer 
effect markedly increases, and the theoretical investigation thereof is being established. 
Generally, cell lethal effect of heating varies depending on the treatment temperature; however, it 
is recognized that the lethal effect rapidly increases around 42-43°C. This themiosensitivity is 
thought to be attributed to intracellular action and environmental factors, and the selectivity of 
thermosensitivity of cancer cells, in particular, is fiirther enhanced by the environmental factors. 
Accordingly, lethal effect on cancer cells significantiy increases when heated to 42-45°C 
compared to the effect on normal cells. Namely, hyperthermia is a treatment strategy that heats 
cancer cells to a temperature (42-45°C) higher than normal body temperature and consists of 
localized hyperthermia, which heats the site to be treated, and whole-body hyperthermia. In the 
former strategy, hot water method, infrared method, ultrasonic method, electromagnetic method 
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(microwave and radio wave), and such are used as a heating method, but ultrasonic method and 
electromagnetic method are considered most promising. In the heating by the electromagnetic 
method, inductive heating using two electrodes and inductive heating using a coil are mainly 
adopted. It is possible to localize the high-temperature region according to the surface area or 
position of the mutual electrodes in the inductive heating method. Specifically, based on the 
fact that the high-temperature region localizes around one of the two electrodes that has a smaller 
surface area, in the localized hyperthermia using electromagnetic wave, a probe with a smaller 
surface area is inserted into cancer cells and electromagnetic wave is applied for heating in order 
to heat only the cancer cells to a high temperature and minimize heating normal cells. 
Nevertheless, under the present circumstances, it cannot be avoided that not only cancer cells but 
also normal cells are heated. For this reason, the maxiinum effect of the localized hyperthermia 
is not achieved because the temperature and heating time are restricted due to side effects such as 
pain. Accordingly, a variety of methods for selectively heating only cancer cells with minimum 
heating to normal cells, such as the method comprising arterial injection of iron preparations 
have been considered for the effect of localizing heating. 

In the meantime, agents effective for cancer treatment, such as cisplatin, doxorubicin 
hydrochloride, mitomycin C, and bleomycin, have been developed as chemotherapeutic agents. 
However, these agents have drawbacks including strong side effects such as nephrotoxicity, inner 
ear disorder, and leukopenia, and non-persistence of the effect of the agents. Therefore, it has 
been attempted to prevent the rapid elution of an agent, reduce side effects, and sustain the 
agent's effect by having these agents supported by resin, ceramic, etc. 

(Problem to be Solved by the Invention) 

As described above, in the heating method of the hyperthermia using electromagnetic 
wave, it is not possible at present to heat only the targeted cancer cell site as intended and normal 
cells are also heated, which makes effective hyperdiermia impossible because the heatiag 
temperature and time are restricted due to side effects. 

An objective of the present invention is to improve the effect of hyperthermia and 
effectively utilize chemotherapeutic agents by using ceramics or ceramics supporting 
conventional chemotherapeutic agents as assisting materials for heating cancer cells in a speedy 
and quick manner so as to provide treatment for a long time at high temperature in the 
hyperthermia using electromagnetic wave. 

(Means and Operation for Solving the Problems) 

When providing hyperthermia to the deep part of living body by the heating method 
using electromagnetic wave, it is known that the temperature of bone and the ambient 
temperature increases, causing side effects of this heating method. This is considered to be due 
to high adsorption coefficient of bone itself, which increases the temperature of the bone itself, 
or reflection of electromagnetic wave by bone, which increases the ambient temperature of the 
bone. The present inventors focused on this phenomenon and provide ceramics as 
heat-assisting materials in order to heat the locaUzed targeted cancer cells efiSciently and quickly. 
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avoid the heating of nonnal cells, and carry out treatment for a long time at a higher temperature. 
Since ceramics are used in a living body, those that are safe to the living body, including titanium 
oxide family, alumina family, zirconia family, and calcium phosphate family are used. It is 
preferable to use hydroxyapatite that is particularly safe to the living body. These ceramics are 
inserted into the cancer cells at the site to be treated or the adjacent area of the cancer cells, and 
then electromagnetic wave hyperthermia is carried out according to the conventional method. 
The cancer cells at the site to be treated will be locally heated by the existing ceramics and the 
temperature will rapidly rise, while at the site of normal cells which contains no ceramics, the 
temperature will slowly increase and the temperature rise will be suppressed. Thus, the heating 
can be sustained for a long time, allowing for eflBcient hyperthermia. As a means to insert 
ceramics into cancer cells, it is possible to place a ceramic layer near the electrode of the probe 
being inserted in the cancer cells. Alternatively, it is also possible to insert ceramics with small 
particle size like 1 0 |jm or embed ceramics having a large particle size no more than 3 cm, 
depending on the size of the site to be treated, treatment strategy, and so on. 

Since these ceramics have a strong adsorbability, they readily adsorb and support 
chemotherapeutic agents mentioned above. Accordingly, by using ceramics supporting 
chemotherapeutic agents as heat-assisting materials, efGcient hyperthermia and sustained release 
of the agent, which results in the sustained effect and the reduced side effect of the 
chemotherapeutic agent, can be simultaneously achieved, and the stress from chemotherapy 
conducted in combination with hyperthermia can be reduced. Widely used adsorption methods 
can be appUed to have these agents supported by ceramics. It is easily possible to have the 
agents carried by ceramics using, for example, the method in which ceramic powder is packed in 
a column and an agent solution is flowed through the colimm or in which distilled water is added 
to and mixed with ceramic powder and agent powder, and the mixture is made into slurry and 
dried. 

The present invention will be specifically illustrated by giving the Examples below. 

The following heating-eflfect experiments used muscle equivalent phantoms with the 
diameter of 20 cm, heated to 3 7°C. The muscle equivalent phantoms were produced from agar, 
sodium chloride, sodium azide, and distilled water. 

Example 1) 

Eight hydroxyapatite granules of 1-2 mm were embedded in the center of a muscle 
equivalent phantom, which was then heated at the frequency of 8 MHz and 1 50 W. The 

temperature distribution was measured using thermal video system. A muscle equivalent 
phantom without anything therein was used as a comparative test. 

The measurement of the temperature of the central part showed that it took ten minutes 
to reach 43 °C in the one embedded with tihe hydroxyapatite granules, while 17 minutes were 
requked in the comparative test. In the one embedded with the hydroxyapatite granules, the 
part heated to about 43 °C was about 8 mm in diameter and the ambient temperature was rapidly 
decreased. In contrast, the temperature was gradually decreased in the comparative test, such as 
the part heated to 43°C was about 2 cm in diameter and that heated to 42.5°C or more was about 
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3 cm in diameter. 

Furthermore, the same experiments were conducted using hydroxyapatite granules of 
1-2 mm that support cisplatin and hydroxyapatite granules of 1-2 mm that support mitomycin C. 
The same results were obtained as with the hydroxyapatite granules that do not support anything. 

Example 2) 

Hydroxyapatite powder with the particle size of about 10 |j,m to 50 [im was made into 
slurry with saline, and 1 ml of the slurry was injected in the center of a muscle equivalent 
phantom, which was then heated at the frequency of 90 MHz and 200 W. The temperature 
distribution was measured using thermal video system. A muscle equivalent phantom without 
anythii^ therein was used as a comparative test. 

The measurement of the temperature of the central part showed that it took 12 minutes 
to reach 43 °C in the one injected with the hydroxyapatite powder, while 18 minutes were 
required in the comparative test. In the one injected with the hydroxyapatite powder, the part 
heated to about 43°C was about 1 cm in diameter and the ambient temperature was rapidly 
decreased. In contrast, the temperature was gradually decreased in the comparative test, such as 
the part heated to 43°C was about 3 cm in diameter and that heated to 42.5°C or more was about 
5 cm in diameter. 

Example 3) 

Spherical hydroxyapatites with the diameter of 3 cm were embedded in the center of a 
muscle equivalent phantom, v^^ch was then heated at the frequency of 434 MHz and 300 W. 

The temperature distribution was measured using thermal video system. A muscle equivalent 
phantom without anything therein was used as a comparative test. 

The measurement of the temperature of the central part showed that it took 12 minutes 
to reach 43°C in the one embedded with the spherical hydroxyapatites, while 20 minutes were 
required in the comparative test. In the one embedded with the spherical hydroxyapatites, the 
part heated to about 43°C was within about 2 cm from the spherical hydroxyapatites and the 
ambient temperature was rapidly decreased. In contrast, the temperature was gradually 
decreased in the comparative test, such as the part heated to 43 °C was about 5 cm in diameter 
and that heated to 42.5°C or more was about 8 cm in diameter. 

Furthermore, the same experiments were conducted using spherical hydroxyapatites 
with the diameter of 3 cm impregnated with doxorubicin hydrochloride and spherical 
hydroxyapatites with the diameter of 3 cm impregnated with bleomycin. The same results were 
obtained as with the bolus hydroxyapatite granules not impregnated with anything. 

Example 4) 

Spherical alumina with the diameter of 1 cm was embedded in the center of a muscle 

equivalent phantom, which was then heated at the frequency of 1 MHz and 1 50 W. The 
temperature distribution was measured using thermal video system. A muscle equivalent 
phantom without anything therein was used as a comparative test. 
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The measurement of the temperature of the central part showed that it took nine minutes 
to reach 43 °C in the one embedded with the spherical alumina, while 14 minutes were required 
in the comparative test. In the one embedded with the spherical alimiina, the part heated to 
about 43 °C was within about 1 cm from the spherical alumina and the ambient temperature was 
rapidly decreased. In contrast, the temperature was gradually decreased in the comparative test, 
such as the part heated to 43°C was about 2 cm in diameter and that heated to 42.5°C or more 
was about 3 cm in diameter. 

(Effect of the Invention) 

In view of the above results, it is understood that the deep part can be locally and 
quickly heated in the hypertihermia usmg electromagnetic wave or ultrasonic wave with the use 
of the assistiag materials made of ceramics of the present invention. 
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